1. Introduction {#s1}
===============

Based on the 2011 National Diabetes Fact Sheet, approximately 27% of U.S. seniors (aged ≥ 65) in 2010 were diabetics; among adults with pre-diabetes, half of them were seniors.[@b1] Despite affecting life quality of those seniors diagnosed with diabetes mellitus,[@b2] diabetes mellitus in seniors is linked to higher mortality, reduced functional status, and increased risk of institutionalization and requires much more health-care resources.[@b3] Seniors with diabetes mellitus are at substantial risk for cardiovascular disease and its complications, but evidence suggests that diabetes mellitus may also increase the susceptibility to infectious diseases, such as pneumonia, urinary tract infections, and skin infections.[@b4] Pneumonia is a common and important disease in the elderly population; however, the results from previous studies in regard to the impact of diabetes mellitus on the risk of pneumonia among hospitalization patients seem to be inconsistent; some of them suggest that diabetic patients, compared to non-diabetics, are more likely to have respiratory illness, such as asthma, chronic obstructive pulmonary disease, pulmonary fibrosis, and pneumonia;[@b5] they may also experience higher pneumonia-related mortality.[@b6] While others indicate that although patients with diabetes mellitus may have different clinical features when hospitalized with pneumonia, the pneumonia-related mortality rates, however, are similar to those without diabetes;[@b7] diabetes mellitus may also not be a risk for development of hospital-acquired pneumonia.[@b8] Although pneumonia is a frequent cause of hospitalization and death among senior adults, the examination of studies on whether diabetes in the senior population has an impact on the risk for mortality of pneumonia is scarce. Using the third National Health and Nutrition Examination Survey Mortality Follow-up Study (NHANES III follow-up Study), we explored this issue.

2. Methods {#s2}
==========

The NHANES III follow-up study was formed by linking to the death certificate data found in the National Death Index (NDI). The NHANES III was a stratified, multi-stage probability designed survey conducted between 1988 and 1994 involving approximately 34,000 people aged 2 months and over. The details of the survey with regards to its design and measurement procedures can be found elsewhere,[@b9] and the information collected during the NHANES III is considered as the baseline information. The mortality ascertainment in the NHANES III follow-up study is based upon the results from a probabilistic match between NHANES III and the NDI death certificate records to provide mortality follow-up data from the date of NHANES III survey participation (1988--1994) through December 31, 2006.[@b10] A total of 5,252 seniors, ages 65 years or older, were identified in the baseline of the NHANES III follow-up study. The excluding criteria considered those who were: (a) belong to "other minority"; (b) hospitalized with pneumonia during the past twelve months at baseline, and/or (c) death due to pneumonia during the first year of follow-up. The final sample size in the analysis is 3,707 (1,794 men and 1,913 women).

According to the American Diabetes Association,[@b11] diabetes was defined as either being diagnosed as diabetes mellitus by physicians, or currently taking prescribed medication (including insulin) for diabetes, or the baseline overnight fasting glucose \> 125 mg/dL, or HbA1c \> 6.4%; pre-diabetes was defined as the baseline overnight fasting glucose: \> 100 mg/dL but \< 126 mg/dL, or HbA1c \> 5.7% but \< 6.5%. The uncontrolled diabetes mellitus was defined as HbA1c \> 7.5% because of the geriatric population.[@b12] Death due to pneumonia was defined with ICD-10 codes of J12 -- J18 from the NDI records.

All analyses were conducted using survey procedures in SAS 9.3 (SAS Institute Inc., Cary, NC, USA), which take into account the weighted and clustered sampling design of NHANES. The significant level was defined at 2-tailed alpha equal or less than 0.05. Hazard ratios (HR) from partial hazard regression models were used to examine the relationship between the time for pneumonia death and diabetic status at the baseline. The following covariates at the baseline were included into the analyses, which are age, gender, ethnicity, marriage status, education, poverty income ratio, current smoking, whether walking a mile without stopping during the previous month as a proxy indicator of physical fitness, family history of diabetes, co-morbidity if reported heart attack, stroke, cancer, taking medications for hypertension or hyperlipidemia, respiratory disorder during previous year (i.e., having wheezing/whistling, asthma, or chronic bronchitis), baseline body mass index (BMI), diastolic blood pressure (DBP), and whether having an uncontrolled diabetic status.

3. Results {#s3}
==========

Approximately 26% of seniors in this study were pre-diabetics and 19% of them were diabetics. During approximately 11 years of follow-up, a total of 98 pneumonia deaths were recorded. The mortality rates of pneumonia were 16.9 per 10,000 person-years for non-diabetics, 23.1 per 10,000 person-years for pre-diabetics, and 34.1 per 10,000 person-years for diabetics, respectively. [Table 1](#jgc-10-03-267-t01){ref-type="table"} shows the characteristics of participants at baseline. The characteristics of men are similar to women\'s except that they were slightly younger (72.4 *vs*. 73.8 years), more likely to be ex-smokers (57.8% *vs*. 28.7%), living with a spouse or partner (76.4% *vs*. 41.7%), and had a higher mortality rate of pneumonia (35.2 *vs*. 19.4 (per 10,000 person-years)) during the follow-up.

[Table 2](#jgc-10-03-267-t02){ref-type="table"} shows the hazard ratios of pneumonia deaths from four models for diabetic status defined at the baseline of the study. The covariates adjusted in model one were age, gender, ethnicity, education, and family history of diabetes; compared to seniors without diabetes at the baseline, the HR of pneumonia deaths were 1.30 (95% CI: 0.63--2.68) for those with pre-diabetes and 2.41 (95% CI: 1.28--4.51) for those with diabetes, respectively (*P*-value for trends was 0.01). When further adjusted for other potential confounding variables (models two--four), the risk association between diabetic status at baseline and pneumonia deaths during the follow-up did not change.

###### Baseline selected characteristics of USA 3,707 elderly from the NHANES III follow-up study.

                                                           Men *n* = 1794   Women *n* = 1913
  ------------------------------------------------------- ---------------- ------------------
  Age (yrs, mean ± SE)                                       72.4 ± 0.2        73.8 ± 0.2
  Education less than high school (%)                           44.5              41.1
  Non-Hispanic white (%)                                        89.5              89.3
  Cigarette smoking (%)                                                    
   None smokers                                                 27.6              60.8
   Ex-smokers                                                   57.8              28.7
   Current smokers                                              14.6              10.4
  Living with a spouse or a partner (%)                         76.4              41.7
  Poverty income ratio (mean ± SE)                          3.22 ± 0.11       2.71 ± 0.10
  Respiratory illness occurred during last year (%)             19.4              22.5
  Diabetes (%)                                                  20.4              17.3
  Pre-diabetes (%)                                              26.1              25.5
  Comorbidity (%)                                               57.1              59.9
  Family history of diabetes (%)                                31.3              38.0
  BMI (kg/m^2^, mean ± SE)                                   26.9 ± 0.2        26.7 ± 0.2
  Systolic blood pressure (mmHg, mean ± SE)                 139.8 ± 0.7       142.2 ± 0.7
  Diastolic blood pressure (mmHg, mean ± SE)                 75.7 ± 0.4        72.4 ± 0.4
  Glycosylated hemoglobin (HbA1c (%), mean ± SE)            5.80 ± 0.04       5.83 ± 0.05
  Walking 1^+^ mile without stop last month (%)                 44.9              36.8
  Death due to pneumonia (*n*, (per 10,000 person yrs))      59 (35.2)         39 (19.4)
  Follow-up time (months, mean ± SE)                        120.5 ± 2.8       133.4 ± 2.4

###### Hazard ratios of death from pneumonia for diabetes diagnosed at baseline.

                    HR      95% CI     *P*-value for trends
  --------------- ------ ------------ ----------------------
  Model 1                             
   Non-diabetes    1.00                        0.01
   Pre-diabetes    1.30   0.63--2.68  
   Diabetes        2.41   1.28--4.51  
  Model 2                             
   Non-diabetes    1.00                      \< 0.02
   Pre-diabetes    1.30   0.64--2.62            0
   Diabetes        2.29   1.20--4.37            0
  Model 3                             
   Non-diabetes    1.00                      \< 0.02
   Pre-diabetes    1.28   0.63--2.61  
   Diabetes        2.21   1.19--4.12  
  Model 4                                    \< 0.03
   Non-diabetes    1.00               
   Pre-diabetes    1.31   0.63--2.69  
   Diabetes        2.57   1.23--5.35  

Model 1: adjusted for age, sex, ethnicity, education, and family diabetes history; Model 2: further adjusted for current smoking status and whether walking a mile without stop; Model 3: further adjusted for body mass index and diastolic blood pressure; Model 4: further adjusted for whether having comorbidity (heart attack, stroke, cancer, hypertension and/or dyslipidemia), whether having respiratory disorder during last 12 months and whether diabetes being controlled at baseline.

Among those covariates, only age, gender and physical fitness reached statistically significance ([Figure 1](#jgc-10-03-267-g001){ref-type="fig"}). Every one year increase in age was associated with 16% increased risk of pneumonia death (95% CI: 1.13--1.20); the HRs of pneumonia death was 0.35 (95% CI: 0.22--0.61) for women in comparison to men and 0.38 (95% CI: 0.20--0.67) for those who had no problem walking 1^+^ mile during the previous month at baseline in comparison to those who experienced difficulty.

![Hazard ratios of pneumonia death.\
BMI: body mass index; DBP: diastolic blood pressure; FH: family history; HS: high school; PF: physical fitness.](jgc-10-03-267-g001){#jgc-10-03-267-g001}

4. Discussion {#s4}
=============

Although inconsistent results were found from the previous studies among hospitalized-patients in regard to the impact of diabetic status on the risk of pneumonia death,[@b5]--[@b8],[@b13],[@b14] the results from this prospective cohort study indicated that diabetic status is a strong risk factor for pneumonia mortality among seniors in the general population. This risk association between diabetic status at baseline and pneumonia death during the follow-up is independent from many known risk factors for pneumonia, such as age, male gender, ethnicity, cigarette smoking, co-morbidity, and other respiratory illness.[@b15],[@b16]

Similar to the results of the study conducted among hospitalized-patients, this study confirmed that age and male gender are important risk predictors of pneumonia mortality.[@b16] However, certain risk factors, such as ethnicity, cigarette smoking, co-morbidity, other respiratory illness and/or uncontrolled diabetic status at baseline, seemed to have no impact on the risk prediction of pneumonia mortality as observed in hospitalized-patients. This might be due to the fact that the subjects in this study were from the general population; while the subjects from the previous studies were mainly from the hospitalized patients.

In addition, some other risk factors related to all-cause mortality, such as BMI,[@b17],[@b18] blood pressure,[@b19] and education,[@b20] were not associated with pneumonia mortality in this study. Interestingly, however, physical fitness measured as a person who can walk a mile or more without stopping during the previous month is a strong predictive indicator for pneumonia death among this senior population; our results suggest that those who could walk a mile or more without stopping during the previous month at the baseline were 62% less likely to die of pneumonia in comparison to those who could not. The impact of physical fitness on the risk of pneumonia mortality appears never to have been examined before. This may be because those hospital orientated studies were most likely derived from the hospital-registration database, which usually did not have physical fitness information. The results from studies conducted among subjects from the general population suggest that cardiorespiratory fitness (e.g., measured with treadmill) is strongly and negatively associated with the risk of all-cause mortality.[@b21] Although no information on treadmill measured physical fitness is in this study, however, a simple question whether the senior can walk 1^+^ mile without stopping during the previous month was asked. It seems that this question is a useful tool to probe the physical fitness status of seniors and shows a stronger predictor of pneumonia mortality among seniors.

Based on our knowledge, this is the first report of the impact of diabetes on pneumonia mortality among seniors in the general population. There are several strengths of this study. They are: (1) the NHANES III follow-up study is a well-designed population-based study with rigorously standardized medical and laboratory examinations; (2) the exclusion of those who have been hospitalized with pneumonia during the previous year at baseline, or pneumonia death occurring during the first year of follow-up made the conclusion stronger, which could reduce a potential bias when including those subjects into the study; and (3) a number of well-known risk factors have been included into the analysis. Yet, no information on those newly developed diabetics during the follow-up can be a limitation, because it may affect the observed risk association. However, it is doubtful that the direction of the risk association between diabetic status and pneumonia mortality will be changed, since seniors who were in the pre-diabetic group also have an elevated risk for pneumonia mortality, though it did not reach statistical significance.

In conclusion, diabetes mellitus is a strong risk predictor of pneumonia death among seniors in the general population. Physical fitness in the elderly may also be a valuable predictor for the risk predication of pneumonia mortality. Indeed, further study is urgently needed to confirm their roles on the pneumonia related outcomes in the senior population.
